plaque mutant. The persistently infected cultures periodically produced small amounts of interferon. Highly specific rabbit anti-interferon globulin, which can neutralize mouse interferon, incorporated into the growth medium of carrier L line caused a ioo-to iooo-fold stimulation of the synthesis of Sindbis virus after incubation for 5 days at 37 °C. The activated virus destroyed the carrier culture.
A carrier state can be induced in various cell lines with different viruses. There is little doubt that the survival of the persistently infected cultures is due to a very delicate and rather complex mechanism regulating virus synthesis (Walker, 1964; Stan6ek, 1966; Huang & Baltimore, 197o ; Thacore & Younger, I97o; Azadova et al. I972; Schw6bel & Ahl, I972 ) .
This communication provides evidence that several factors (virulence of virus strains, autointerfering particles and interferon) are important for the induction as well as for the maintenance of the persistent infection of mouse cell lines with Sindbis virus.
Wild strain of Sindbis virus (originally obtained from the Institute of Virology, Bratislava, Czechoslovakia, in I o % suspension of mouse brain) was propagated in our laboratory in chick embryo (CE) cells. Since the virus was found to be heterogenous it was cloned and three natural plaque mutants were isolated: small plaque (sp), large plaque (lp) and giant plaque (gp). Our routine plaque assay of infectivity was carried out in cell monolayers in tubes incubated under methylcellulose overlay (Inglot, I97o) . However, to determine the plaque size, the virus mutants were titrated on the CE monolayers in Petri dishes incubated under o'75 % (w/v) Noble agar overlays containing Parker's 199 medium+ 2 % calf serum. Plaques were stained with neutral red. Table I shows some properties of the viruses which have been used for the induction of chronic infection. The mean yields of virus in chick cells infected at low input multiplicity were significantly different for each strain. The viruses multiplied better in chick than in mouse cells. We have previously found that Sindbis virus displays the yon Magnus phenomenon when it is serially propagated using undiluted inocula (Inglot & Chudzio, x97I) . From the data shown in Table 1 it is evident that the plaque mutants also give reduced yields of infective virus when propagated at high multiplicity. However, when the purified viruses propagated in the CE cells at low multiplicity were tested in the auto-interference assay, it was found that the sp and lp mutants were better producers of the auto-interfering particles than the gp mutant (Table I ).
Other stable markers of the virus mutants were as follows: (I) size of plaques in agar; ] Calculated from six individual determinations. Determined in the L cells for wild strain and in the MEC/c cells for the mutants. § Expressed as the difference between the yield of virus (2o h after infection of chick cells) at low input multiplicity (i p.f.u./cell) and high input multiplicity (lo 4 p.f.u./cell). To avoid the influence of interferon, the virus was purified by precipitation with polyethylene glycol and selective elution (Inglot et al. I973) . Titres of the purified viruses sp, lp, and gp were 1o'7, lO.l and I o'5 p.f.u./ml, respectively Standard deviation of the auto-interference assay was 0.6 log p.f.u./ml. All titrations were made in the cell monolayers.
I1 n.d. = not done. with Hanks' salt solution containing o'5 % lactalbumin hydrolysate and antibiotics. The cells were subcultured after incubation for 3 to 4 days at 37 °C, then they were scraped off the glass with rubber policeman, suspended (approx. 3 x I@ cells/ml) in the fresh medium and seeded in bottles or tubes. The Sindbis virus carrier cell lines were grown and subcultured as the normal cultures except that one fifth part of the 'old' medium was always added to the fresh medium.
In order to induce a carrier state, the mouse cells (L or MEC/c) were infected with wild strain Sindbis virus or a plaque mutant at an input multiplicity of about ~oo p.f.u./cell. Chronically infected mouse cell cultures were obtained only with chick adapted viruses ( Table 2 ). The mouse adapted strains (e.g. gp-L, and other ones not shown in Table 2 ) killed all the L or MEC/c cells during the first passage. The results summarized in Table 2 suggest that the fate of a carrier culture depends on the cells as well as on the infecting virus. On the whole the persistently infected MEC/c cells were less stable than the corresponding L cells. Moreover, in the MEC/c line sp and lp mutants produced more stable carrier state than the gp mutant. After passages in the mouse cells, Sindbis virus produced smaller plaques in the CE monolayers than the original strain. However, the relative difference in the plaque size among the mutants remained unchanged, especially after a single passage in the CE cells. Thus, it was possible to characterize the mutants in the carrier lines according to their plaque size. It was found that sp, lp and gp mutants retained their basic properties after many passages in the MEC/c or L cells (Table 2) .
Several biological properties of the chronically infected cell lines will be described in detail elsewhere. Briefly, the carrier L and MEC/c retained the morphology and chromosomal markers of the original lines. Periodically, the cultures displayed signs of c.p.e., varying in severity and coinciding with the increased multiplication of virus.
The cycling pattern of the persistent infection was regular. The length of the cycle was a to 4 passages (average 3, i.e. Io days). The amplitude of the wave of infection, the difference between the titre of virus in the passage with the highest infectivity and the consecutive passage with the lowest one was approx. 4 to 5 log p.f.u./ml (Fig. i) .
Infective centre assays on the suspension of ro 6 carrier cells per ml which were treated with the rabbit anti-serum to Sindbis virus (neutralizing titre I : 2ooo) and then extensively washed, showed the presence of o.oi to 2"4 % of virus-producing cells. A high percentage of infective centres (over o.2 %) was found only when the cultures showed severe c.p.e.
The carrier cultures were found to be almost completely resistant to superinfection with homologous Sindbis virus (wild strain or each mutant), whereas they had partially reduced susceptibility to unrelated viruses, vesicular stomatitis, Indiana serotype (VSV) or encephalomyocarditis, Col. MM strain EMC.
The carrier lines periodically produced small amounts of interferon (Fig. I ) whose accumulation usually coincided or followed the peaks of reproduction of virus. It was noted that the titre of interferon declined in the passages preceding the death of the cell lines. The presence of interferon was demonstrated by assay on the secondary mouse embryo (ME) cell monolayers. The assay with our line of L cells was much less sensitive and in most samples could not detect such small quantities of interferon. To find out to what extent the presence of interferon is important for the maintenance of the carrier state experiments with anti-interferon serum were performed. The highly specific anti-L cell interferon globulin was received through the courtesy of Dr G. J. Galasso, Bethesda, Md., U.S.A. It was prepared by Dr K. Paucker from sera of rabbits immunized with purified Newcastle disease virus induced L-cell interferon. The globulin fraction was absorbed several times with L-cells, 
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Short communications
Influence of anti-interferon globulin on cultures of L cells persistently infected with wiM strain of Sindbis virus
Carrier line (passage no.)
Treatment with Virus yield (log p.f.u./ml) after incubation for: anti-interferon globulin : -~ (final dilution) I day 2 days 3 days None (control) 3'3 3"9 4"0 l : 200 3"6 4"6 5"6 I : 800 3"0 4"3 6.0 I : I6OO 3"9 4"3 5"8 None (control) n.d. n.d. The media from L (Sch+, 87) culture, control as well as treated with anti-IF globulin collected after incubation for 5 days at 37 °C contained no detectable interferon activity when diluted I : 5.
n.d. = not done.
sheep erythrocytes and calf serum components. According to K. Paucker (personal communication), I ml of the reconstituted lyophilized globulin had the titre of 1:4000, as measured by neutralization of IO standard reference units of IF in a tube assay with z x lO 5 L (MCN) cells challenged with VSV. In our assay of neutralization of IO units of the mouse tissue culture or serum interferon, carried out in the ME monolayers challenged with VSV or EMC, its titre was 1:320o. The persistently infected L/Sch + line at the 87th or 93rd passage level was used. The cells were scraped off the glass, suspended in growth medium (4 x io 5 cells/ml) and Io or 5 ml samples were seeded in bottles to which o.I ml of the anti-interferon globulin was added. Its final dilution was from 1:2oo to I : i28oo. The control cultures contained growth medium Short communications ~o9 only. Cultures were incubated for 5 days at 37 °C. Daily samples of medium were withdrawn and stored for virus titration. The results (Table 3) showed that anti-interferon antibodies stimulated the multiplication of virus in the carrier cultures ~oo to Iooo-fold; c.p.e. appeared and the cultures were destroyed. The globulins were active up to a dilution of 1:3200 and their effect was maximal after the incubation for 5 days at 37 °C. Presumably during this time the intracellular resistance due to native interferon disappeared. Thus, even extremely small amounts of interferon may be sufficient for protection of the majority of cells in the chronically infected culture. The model of carrier state used by us seems to be of particular interest since it allowed the investigation of the regulation of persistent infection by several factors in a rather homogenous system. The L cell line which was found to be the best carrier of Sindbis virus is extremely well adapted to growth in vitro. Since almost all lines of L cells carry a defective or avirulent strain of murine leukaemia virus (Anderson & Doane, I97z; Schafer et al. I972 ) it may interact with another carried virus and contribute to the longevity of this cell line. It was also shown that the stable self-regulated carrier state required the participation of Sindbis virus with low virulence for mouse cells. The virulence seems to be to some extent related to the capacity of a strain of virus for the production of auto-interfering particles, obviously distinct from interferon (A. D. Inglot & T. Chudzio, unpublished results). Tentatively, the virulence of mutants of Sindbis virus can be expressed as gp > lp > sp. The wild strain as a mixture of mutants show intermediate properties. In the persistently infected cultures the carried virus is constantly subjected to serial-undiluted passages. Hence, there is an opportunity for continuous production of the auto-interfering particles. However, it seems that the infective virus is responsible for the induction of another important regulating factor -interferon.
Results of the experiments with the anti-interferon globulin showed that a small (even undetectable in the routine assays) amount of interferon in the medium was necessary for the maintenance of carrier state. Fauconnier (I97o) discovered that the anti-interferon serum enhanced the replication of and plaque formation by Semliki Forest virus but had relatively little effect on the plaque formation by some other viruses, i.e. Newcastle disease virus, VSV and EMC virus. The comparison of his results to ours suggests that, at least in some cell-virus systems, interferon plays an essential role in the regulation of the persistent infection whereas acute infections are less affected because of the replication of virus faster than the action of interferon.
Since chronically infected cultures are constantly stimulated by the carrier virus to the production of interferon they should become intermittently unresponsive to the synthesis of interferon, as the pattern of infection is cyclic. It remains to be determined whether a repressor of the interferon synthesis operates in this system. 
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